A virus-specific ribonucleoprotein complex is present in the cytoplasm of reticuloendotheliosis virus-transformed chicken bone marrow cells. This ribonucleoprotein complex contains viral reverse transcriptase activity and may represent a precursor to the budding virion. The major viral polypeptide associated with the ribonucleoprotein complex was a polypeptide with a molecular weight of 63,000. This protein exhibited a precursor-product relationship with the major reticuloendotheliosis virus structural core protein p29. Core polypeptides were not associated with the intracellular ribonucleoprotein complex. Thus, p29 was incorporated into the virion in the form of its precursor Pr63. complex. The cleavage of the gag precursor associated with RNP occurs during budding or shortly after release of particles from the cell.
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A virus-specific ribonucleoprotein complex is present in the cytoplasm of reticuloendotheliosis virus-transformed chicken bone marrow cells. This ribonucleoprotein complex contains viral reverse transcriptase activity and may represent a precursor to the budding virion. The major viral polypeptide associated with the ribonucleoprotein complex was a polypeptide with a molecular weight of 63,000. This protein exhibited a precursor-product relationship with the major reticuloendotheliosis virus structural core protein p29. Core polypeptides were not associated with the intracellular ribonucleoprotein complex. Thus, p29 was incorporated into the virion in the form of its precursor Pr63. The cleavage of Pr63 in the ribonucleoprotein complex was accomplished either during the budding process or shortly after the release of particles from the cell.
Bone marrow cells (BMC) transformed by avian reticuloendotheliosis virus produce a replication-defective transforming virus (REV) and a nontransforming helper virus designated reticuloendotheliosis-associated virus (REV-A) (8) . REV carries an extensive deletion (4a, 8a) , and the virion polypeptides are provided by the helper virus (8) . BMC transformed by REV contain a cytoplasmic virus-specific ribonucleoprotein (RNP) complex (24) . This intracellular RNP complex contains the REV genomic RNA subunit complexed with REV-specific RNA-directed DNA polymerase activity. This RNP complex is a functional transcriptional unit capable of synthesizing REV-specific DNA in an endogenous RNA-directed DNA synthesis reaction. This RNP complex is not a degradative product of mature virions and may represent the intracellular precursor of the viral nucleocapsid of mature virions. Although the synthesis of virus-specific nucleic acids and proteins of type C retroviruses has been extensively characterized, the mechanism by which viral macromolecules interact during morphogenesis remains to be defined. complex. The cleavage of the gag precursor associated with RNP occurs during budding or shortly after release of particles from the cell.
MATERIALS AND METHODS Cells and viruses. REV-transformed chicken BMC were derived from a REV-infected chicken; the characteristics of the subsequently cloned cell line have been described previously (7) . This clone has been shown to produce REV and REV-A particles (8) . BMC were grown in Dulbecco-modified Eagle medium containing 10% fetal bovine serum.
Preparation of antisera. Antiserum to REV was prepared in a rabbit by multiple-site injections of gradient-purified, disrupted virions obtained from the BMC line. This cell line yields virus particles containing a fourfold excess of REV RNA as compared with the RNA of the helper REV-A (8) .
For production of antiserum against purified p29, virions from chicken embryo fibroblast cultures infected with REV-A were gradient purified and disrupted in a lysis buffer (50 mM Tris-hydrochloride [pH 9 .0], 1% Triton X-100, 1 mM dithiothreitol, 1 mM EDTA, 1 mM phenylmethylsulfonyl fluoride). Insoluble material was pelleted, and the supernatant fluids were dialyzed overnight against PET buffer ( (8a, 15) . In experiments examining the precursor-product relationship of the 63,000-molecularweight polypeptide and p29, BMC were labeled with [35S]methionine as described above. To obtain the pulse-labeled extract, BMC were harvested, placed into their media, and put on ice. An equal amount of 2x extraction buffer (1.0% Nonidet P-40, 1.0% sodium deoxycholate, 0.5% SDS, 200 mM NaCl, 2 mM EDTA, 4 mM methionine, and 1.0 mg of bovine serum albumin per ml in 25 mM Tris-hydrochloride [pH 7.6]) was added, and the mixture was blended in a Vortex mixer and incubated at 4°C for 30 min. To obtain the chase extracts, BMC were harvested after the labeling period, washed, and incubated in Dulbecco-modified Eagle medium containing unlabeled methionine for the appropriate chase period. These cells were subsequently harvested, placed into their media, and processed as described for the pulse extract. The nuclei and membranous material were pelleted at 30,000 x g for 30 min at 4°C. The supernatant fluids were precipitated with nornal rabbit serum and used in immune precipitation experiments as described previously (8a, 15) .
Analysis of viral proteins by SDS-polyacrylamide gel electrophoresis. SDS-polyacrylamide gel electrophoresis of the immunoprecipitated viral proteins was carried out in either 15 or 6 to 15% gradient slab gels (16) . After electrophoresis, gels were processed for fluorography, dried, and exposed to Royal XOmat X-ray film at 70°C (4).
RESULTS
Isolation of intracellular REV-specific RNP complex. REV-transformed BMC contain a cytoplasmic RNP complex with reverse transcriptase activity (24) . The physical and biochemical properties of this RNP complex suggest that it might represent the intracellular precursor to the nucleocapsid of the virion. To determine which viral polypeptides were present in the RNP, cytoplasmic fractions were isolated from [3S]methionine-labeled and unlabeled BMC as described above. The cytoplasmic fractions were then treated with EDTA to dissociate the polyribosomes, and the components were separated by velocity gradient centrifugation. The virus-specific RNP was detected by assaying unlabeled fractions for endogenous RNAdirected DNA polymerase activity (11, 24) . The RNP complex sedimented in the 80 to 100S region of the sucrose gradient (Fig. 1) . Uninfected cells do not contain reverse transcriptase activity in this region of the gradient (24) . Analysis of the labeled fractions revealed that most of the proteins sedimented near the top of the gradient. The sedimentation profile of labeled protein in uninfected chicken embryo fibroblasts was indistinguishable from the profile obtained with labeled BMC, indicating that the majority of these proteins were of cellular origin.
Virus-specified proteins associated with the RNP complex. To identify the virus-specific proteins associated with the RNP complex, RNP complex was isolated from cells labeled for 1 h with [3S]methionine. The viral polypeptides sedimenting in the region of the RNP complex were immunoprecipitated with antiserum made against purified, disrupted whole REV-A, the group-specific antigen (anti-p29), and the DNA polymerase (anti-reverse transcriptase) ofspleen necrosis virus. The spleen necrosis virus polymerase is antigenically similar to the DNA polymerase of REV (18, 19) . The immunoprecipitated polypeptides from each fraction were analyzed by SDS-polyacrylamide gel electrophoresis (Fig.  2) . Anti-REV serum (lane A) and anti-p29 serum (lane B) immunoprecipitated the 63,000-molecular-weight polypeptide and, to a lesser extent, a 58,000-molecular-weight polypeptide from the RNP complex (Fig. 2, lanes A and B) . These proteins were not precipitated by anti-reverse transcriptase antiserum (lane C), suggesting that 1 h, and the cytoplasmic fractions were prepared as previously described (24) . The cytoplasmic fractions were treated with EDTA and centrifuged at 90,000 x g for 120 min at 40C in a 10 to 309o% (wt/vol) sucrose gradient. The cytoplasmic fraction from unlabeled REV-transformed BMC was prepared and centrifuged in a parallel gradient. The trichloroacetic acid-precipitable radioactivity in each of the collected fractions from the labeled cells was determined (A). The fractions collected from the unlabeled gradient were assayed for endogenous RNA -directed DNA polymerase activity as described previously (24) . Enzyme activity was expressed as counts per minute of[3H]dTMP incorporated during the 60-min incubation at 37°C (a). Arrows indicate polyribosomal markers monitored in a parallel gradient by UV absorption. The RNP complex was recovered in the regions indicated as "RNP." they contained antigenic determinants related to p29. The 58,000-molecular-weight polypeptide was not consistently observed in different radioimmune precipitation experiments and therefore may represent a degradation product of the gag precursor. Anti-REV serum did not precipitate polypeptides with electrophoretic mobilities similar to the REV-specific proteins from the [35S]methionine-labeled uninfected cells (lane E).
Precursor-product relationship between the 63,000-molecular-weight polypeptide and the REV group-specific antigen p29. To define whether the 63,000-molecular-weight polypeptide is a precursor to the REV groupspecific antigen (p29), BMC cultures were labeled for 30 min with [35S]methionine. Four of these cultures were then incubated in medium containing excess unlabeled methionine for 0.5, 1, 2, and 4 h. To monitor the fate of [35S]methionine-labeled virus-specific polypeptides both in cells and in virus particles released from the cells, the cells were harvested and placed into their media, and extracts were prepared. Immune precipitation was performed on the extracts with antiserum prepared in rabbits against purified p29. The immune complexes were collected and analyzed by SDS-polyacrylamide gel electrophoresis. The p29-specific polypeptides labeled in the 30-min pulse are shown in Fig. 3  (lane A) . The major polypeptides with gag determinants had approximate molecular weights of 180,000, 63,000, and 50,000. In the subsequent chase periods, another band which comigrated with viral p29 was observed (lanes B to E). indicated that the 63,000-molecular-weigh peptide posttranslationally cleaved inl group-specific antigen p29. We will now r the 63,000-molecular-weight polypeptide X to indicate its precursor function. The pearance of the labeled 180,000-mol weight polypeptide was much slower a analogy with murine retroviruses, may rer the REV gag-pol precursor. The 50,000-ular-weight polypeptide found in the pulse was not seen after the shortest chs riod (lanes A and B). It comigrated with faint band precipitated by normal rabbit (lane F) and therefore may represent a n cifically precipitated polypeptide.
Fate of Pr63 associated with the int lular RNP complex. Since Pr63 was pre the RNP complex, it was postulated tha was incorporated into the RNP compl( cleaved to yield p29 sometime during the r of virion morphogenesis. To define wheth was cleaved to p29 in the intracellulai complex, we followed the processing of tI proteins by pulse-chase experiments. transformed BMC cultures were labele [35S]methionine for 30 min and chased in unlabeled medium for 90 min and for 3 h. The fractions containing the RNP complex were inmunoprecipitated with anti-REV serum, and the polypeptides were analyzed by SDS-polyacrylamide gel electrophoresis. Densitometer tracings of exposed X-ray film are shown in Fig. 4 . After a 30-min labeling period, the RNP fraction contained mainly Pr63 and some p58, but little or no p29 (panel A). After a 90-min chase, the amount of labeled Pr63 in the RNP fraction was significantly reduced (panel B). The decrease in P29 Pr63 was not accompanied by an increase in p29 in the RNP complex. A 3-h chase further reduced the amount of Pr63, without detectable production of p29 (panel C). The observation that Pr63 associated with the RNP was not cleaved into RNP-associated p29 suggested that Pr63 was displaced from the cell during budding of the virion. To monitor the kinetics of the appearance of viral structural proteins in released virions, virus was gradient purified from between the culture fluids after the cells were pulsed, the ma-labeled, and chased for various time intervals. raph of The virus was disrupted and analyzed by SDS-)eptides polyacrylamide gel electrophoresis. As shown in purified (109) Although reticuloendotheliosis viruses were isolated from various avian species, they are antigenically (17, 20) and genetically (12, 13) unrelated to the avian leukosis-sarcoma virus complex. Reticuloendotheliosis viruses, however, structurally and antigenically resemble murine retroviruses (3, 9, 14, 21, 23) . In cells infected by avian and murine retroviruses, the internal virion core proteins are generated by posttranslational cleavage of precursor polypeptides (1, 6) . However, it is not known how these viral proteins become complexed with the viral RNA to yield the core of the virion. REV-transformed cells contain an RNP complex with RNA subunits and REV-specific RNA-directed DNA polymerase activity (24) . The major viral protein associated with the RNP complex is a protein with a molecular weight of 63,000. Pulse-chase experiments examining the kinetics of the disappearance of Pr63 and the subsequent appearance of p29 indicated that Pr63 is the precursor to the core protein of reticuloendotheliosis viruses. The intracellular viral RNP complex did not contain a significant amount of the viral core proteins p29, p15, and p17. Even after long chase periods, there was no accumulation of p29 in the intracellular RNP complex. These results are consistent with the observation that the major structural protein, p30, of murine leukemia virus does not bind to single-stranded nucleic acid, whereas its precursor polypeptide had such affinity (22 We have previously shown that the virus-specific precursor RNP complex in REV-transformed BMC contained only the subunit RNA but not the mature genomic RNA. The RNP complex also contained the functional RNA-directed DNA polymerase capable of synthesizing REV-specific complementary DNA in vitro under endogenous RNA-directed DNA synthesis conditions (24) . Based on these observations and our present findings, we propose that the initial stage of viral maturation of REV occurs in the cytoplasm, where the RNA subunits are complexed with the DNA polymerase and Pr63. The cleavage of Pr63 may occur during the budding process or shortly after the release of particles from the cell.
